TnrA is a 1 direct repressor of pgsBCAA transcription in Poly-γ-glutamic acid 2 synthesis 3 Running Title: TnrA represses pgsB transcription in B. licheniformis 4 5
The transcriptional levels of γ-PGA synthase genes pgsBCAA were increased in 141 the tnrA deficient strain 142 Then, the transcriptional level of genes involved in glucose metabolism and 143 γ-PGA biosynthesis were determined during γ-PGA production. As shown in Fig. 3 , 144 no tnrA transcriptional level was determined in WX△tnrA, indicating that tnrA was 145 8 deleted successfully. The transcriptional levels of γ-PGA synthesis genes pgsB, pgsC 146 and pgsAA were all increased in WX△tnrA (5.53-fold, 4.64-fold and 4.08-fold, 147 respectively), and the transcription levels of their regulator genes, degU, was 148 increased by 1.68-fold in the tnrA deficient strain. The glutamate synthase gene gltA 149 was increased by 2.56-fold in WX△tnrA. Moreover, the transcriptional levels of 150 glucose-6-phosphate isomerase gene pgi and glyceraldehyde-3-phosphate 151 dehydrogenase gene gapA in the glycolytic pathway were increased obviously, as well 152 as the citrate synthase gene citB and isocitrate dehydrogenase gene icd in tricarboxylic 153 acid (TCA) cycle. The glucose 6-phosphate dehydrogenase gene zwf in pentose 154 phosphate pathway showed no significant changes in tnrA deficient strain. 155 Furthermore, the genes, alsS and alsD, which responsible for the synthesis of main 156 byproducts acetoin and 2,3-butandieol, were all decreased in WX△tnrA, indicating 157 that the deficiency of tnrA repressed the overflow metabolism, which were beneficial 158 for γ-PGA synthesis. pgsBCAA promoter (form -300 to +50) were amplified, and the purified DNA probes 168 were incubated with the purified His 6 -tagged TnrA according to the instruction 169 manual of EMSA kit. As shown in Fig. 4B , a TnrA-P pgsB complex was formed in a 170 concentration-dependent manner, indicating that TnrA could bind to the promoter of 171 pgsBCAA. 172 Previously, the TnrA box was proven to be a 17-bp interrupted, inverted repeat 173 sequence "TGTNANAWWWTNTNACA" in B. subtilis (28). In this research, based 174 on the conserved sequence of TnrA box and MEME software screening, the suspected 175 TnrA binding site in pgsBCAA promoter, "CGTCGTCTTCTGTTACA", was screened, 176 which is outside of the "-10" and "-35" regions of pgsBCAA promoter ( Fig. 4C) . Then, 177 the sequence of predicted TnrA box was further deleted in the pgsBCAA promoter, 178 and formed the promoter P pgsB' . Our results confirmed that there was no TnrA-P pgsB' 179 complex formed in the EMSA assay, even though 200 ng TnrA was applied (Fig. 4B) . 180 Thus, it was confirmed that TnrA directly band the pgsBCAA promoter, and the TnrA (Table 3) . Thus, these results suggested that γ-PGA synthase 223 PgsBCAA regulated by nitrogen regulator TnrA was highly conserved in Bacillus. subspecies of B. subtilis, which genome identity is more than 80% with B. subtilis. 284 Thus, these species might belong to the same branch in evolutionary terms. Based on 285 our results, the TnrA boxes of pgsBCAA promoters were predicted in the most of 286 these strains (Table 3) and a new approach that deficiency of tnrA increases γ-PGA production.
300

Materials and methods
301
Bacterial strains and plasmids 302 The strains and plasmids used in this research were provided in Table 1 . B.
303
licheniformis WX-02 acts as the original strain for constructing mutants. The plasmid 304 T 2 (2)-Ori was applied to construct the tnrA knockout vector T 2 -tnrA. The TnrA 305 overexpression vector pHY-tnrA was obtained based on pHY300. All premiers used 306 for strain construction were provided in Table 2 . Competing interests 416 The authors declare that they have no competing interests. Table 2 The primers used in this research 
